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Title 

FLUID INJECTOR AND METHOD OF MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

Field of the invention 

5 The invention relates to a fluid injector and a method of 

manufacturing the same; in particular, a fluid injector with 
enhanced efficiency and lifetime. 

Description of the related art 

Normally, a fluid injector is applied in an inkjet 

10 printer, a fuel injector, and other devices. Among inkjet 
printers presently known and used, injection by a thermally 
driven bubble has been most successful due to its simplicity 
and relatively low cost. 

Fig. 1 is a conventional monolirhic fluid injector 1 as 

15 disclosed in U.S. P. No. 6,102,530. A structural layer 12 is 
formed on a silicon substrate 10. A fluid chamber 14 is formed 
between the silicon substrate 10 and the structural layer 12 
to receive fluid 26. A first heater 20 and a second heater 22 
are disposed on the structural layer 12. The first heater 20 

20 generates a first bubble 30 in the chamber 14, and the second 
heater 22 generates a second bubble 32 in the chamber 14 to eject 
the fluid 26 from the chamber 14. 

The monolithic fluid injector 1 includes a virtual valve, 
and is arranged in high-density. Furthermore, the monolithic 

25 fluid injector 1 exhibits low intermixing and low heat-loss. 
In addition, there is no need to connect an additional nozzle 
plate with the monolithic fluid injector. As a result, the cost 
of the monolithic fluid injector 1 can be lower. 
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However, in the conventional monolithic fluid injector 1, 
the structural layer 12 mainly consists of silicon oxide with 
low stress. During manufacture, the thickness of the 
structural layer 12 is kept within a predetermined range; 
5 therefore, the lifetime of the whole structure of the 
conventional monolithic fluid injector 1 is also limited. 
Furthermore, since the thickness of the structure layer 12 is 
insufficient, the injection direction of injecting fluid 
cannot be consistent. In addition, since the heaters 20, 22 

10 are located on the structural layer 12, most of the heat 
generated by the heaters 20, 22 can be conducted to the fluid 
26 in the chamber 14. However, some of the residual heat 
generated by the heaters 20, 22 remains and accumulates in the 
structural layer 12, and operation of the whole system is 

15 affected. 

SUMMARY Or THE INVENTION 

In order to address the disadvantages of the 
aforementioned fluid injector, the invention provides a fluid 
injector with enhanced efficiency and lifetime. 

20 Accordingly, the invention provides a fluid injector. The 

fluid injector comprises a base, a first through hole, a bubble 
generator, a passivation layer, and a metal layer. The base 
includes a chamber and a surface. The first through hole 
communicates with the chamber, and is disposed in the base. The 

25 bubble generator is disposed on the surface near the first 
through hole, and is located outside the chamber of the base. 
The passivation layer is disposed on the surface. The metal 
layer defines a second through hole, and is disposed on the 



2 



Client's ref. :A91066 

File: 0535-7974USf /Hick/Kevin 

passivation layer outside the chamber- The second through hole 
communicates with the first through hole. 

In a preferred embodiment, the metal layer includes a 
plurality of fins on a surface away from the base to assist the 
5 metal layer in heat dissipation. 

In another preferred embodiment, the diameter of one end, 
communicating with the first through hole, of the second hole 
is substantially larger than that of the other end of the second 
through hole. 

10 In another preferred embodiment, the fluid injector 

further comprises an adhesion layer. The adhesion layer is 
disposed between the base and the metal layer, and assists in 
adhesion between the metal layer and the base. 

It is understood thar the adhesion layer is Al, and the 

15 metal layer is Ni-Co alloy, Au, or Au-Co alloy. 

In another preferred embodiment, the structural layer 
defines a third through hole, and the passivation layer defines 
a fourth through hole corresponding to the third through hole, 
and the metal layer is directly connected with the silicon 

20 substrate via the fourth through hole. 

In another preferred embodiment, the structural layer 
defines a third through hole, and the passivation layer defines 
a fourth through hole corresponding to the third through hole, 
and the base further comprises an adhesion layer. The adhesion 

25 layer is disposed on the structural layer, and is located 
between the passivation layer and the structural layer. The 
adhesion abuts the silicon substrate via the third through 
hole, and abuts the metal layer via .the fourth hole to assist 
in adhesion between the metal layer and the silicon substrate. 
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In this invention, a method for manuf acturing a fluid 
injector is also, provided. The method comprises the following 
steps. First, a wafer is provided, and a structural layer is 
formed on the wafer, a chamber is defined between the wafer and 
5 the structural layer. Then, a bubble generator is disposed on 
the structural layer, outside the chamber. Subsequently, a 
passivation layer is formed on the structural layer, and a metal 
layer is formed on the passivation layer. Finally, a first 
through hole is formed on the structural layer, and the first 
10 through hole communicates with the chamber. 

It is understood that the bubble generator is covered by 
the metal layer, and the metal layer is coated on the 
passivation layer by electrof orming, electroless plating, 
physical vapor deposition (?VD) , or chemical vapor deposition 
15 (CVD) , and the structural layer is silicon oxide. 

In a preferred embodiment, the method further comprises 
a step of forming a second through hole in the metal layer. The 
second through hole communicates with the first through hole. 
In another preferred embodiment, the method further 
20 comprises the following steps. A third through hole is formed 
in the structural layer after the structural layer is formed 
on the wafer, and an adhesion layer is formed on the structural 
layer to be connected with the wafer via the third through hole. 
In another preferred embodiment, the method further 
25 comprises the following steps. A third through hole is formed 
in the structural layer after the structural layer is formed 
on the wafer, and an adhesion layer is formed on the structural 
layer to be connected with the wafer via the third through hole. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is hereinafter described in detail with 
reference tc the accompanying drawings in which: 

Fig. 1 is a schematic view of a conventional monolithic 

5 fluid injector ; 

Fig. 2 is a schematic view of a fluid injector as disclosed 
in a first embodiment of this invention; 

Fig. 3a, Fig. 3b, Fig. 3c, Fig- 3d, and Fig. 3e are 
schematic views that show a method for manufacturing the fluid 
10 injector as shown in Fig. 2, wherein only a part Pi is shown; 

Fig. 4a is a schematic view of a variant embodiment of the 
fluid injector as shown in Fig. 2; 

Fig. 4b, Fig. 4c, and Fig. 4c are schematic views of 
another variant embodiment of the fluid injector as shown in 
15 Fig. 2; 

Fig. 5 is a schematic view of a fluid injector as disclosed 
in a second embodiment of zhis invention; 

Fig. 6 is a schematic view of a fluid injector as disclosed 
in a zhird embodiment of this invention; 
20 Fig. 7a, Fig. 7b, Fig. 7c, and Fig. 7d are schematic views 

that show a method for manufacturing the fluid injector as shown 
in Fig. 6, wherein only a part P2 is shown; 

Fig. 8 is a schematic view of a fluid injector as disclosed 
in a fourth embodiment of this invention; 
25 Fig. 9a, Fig. 9b, Fig. 9c, Fig. 9d, Fig. 9e, and. Fig. 9f 

are schematic views that show a method for manufacturing the 
fluid injector as shown in Fig. 8, wherein only a part P3 is 
shown. 
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DETAILED DESCRIPTION OF THE INVENTION 

Fi rst embodiment 

Referring to Fig. 2, a fluid injector 100, as disclosed 
in a first embodiment of this invention, is shown. In this 
5 embodiment, the fluid injector 100 comprises a base 110, a first 
through hole 114, a bubble generator 120, a passivation layer 
130, and a metal layer 140. 

The base 11C includes a silicon substrate 111 and a 
structural layer 112. The structural layer 112 is disposed on 
10 the silicon substrate 111. A chamber 113 is formed between the 
silicon substrate 111 and the structural layer 112. The first 
through hole 114 is formed in the structural layer 112, and 
communicates with the chamber 113. 

The bubble generator 120 is disposed on a surface 1122 of 
15 the structural layer 112 as shown in Fig. 3a. The bubble 
generator 120 is located near the first through hole 114 and 
outside the chamber 113 of the base 110. In this embodiment, 
the bubble generator 120 includes a first heater 121 and a 
second heater 122. Like the heaters shown in Fig. 1, the first 
20 heater 120 generates a first bubble in the chamber 113, and the 
second heater 122 generates a second bubble in the chamber 113 
to eject fluid from the chamber 113. 

The passivation layer 130 is disposed on the surface 1122 
of the structural layer 112, and includes a fifth though hole 
25 131- The metal layer 140 includes a second through hole 141, 
and is disposed on the passivation layer 130 outside the chamber 
113. The second through hole 141 communicates with the first 
through hole 114 via the fifth through hole 131. 

It is understood that the metal layer 140 may be a material 
30 with higher heat conductivity, such as Ni-Co alloy, Au, or Au-Co 
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alloy. Furthermore, zhe structural layer 112 is silicon 
nitride. 

Fig. 3a, Fig. 3b, Fig. 3c, Fig. 3d, and Fig. 3e are 
schematic views that show a method for manufacturing the fluid 
5 injector 100 as shown in Fig. 2, wherein only a part Pi is shown. 

First, a wafer is provided to be used as a silicon 
substrate 111, with a structural layer 112 is formed thereon, 
and a chamber 113 is formed between the silicon substrate 111 
and the structural layer 112 as shown in Fig. 3a. Then, a bubble 

10 generator 120 is disposed on the structural layer 112, outside 
the chamber 113 as shown in Fig. 3b. Subsequently, a 
passivation layer 130 is formed on the structural layer 112 as 
shown in Fig. 3c, and a metal layer 14 0 is formed on the 
passivation layer 140 as shown in Fig. 3d. Finally, a first 

15 through hole 114 is formed cn the structural layer 112, and a 
fifth through hole 131 is formed on the passivation layer 130, 
and a second through hole 141 is formed on the metal layer 140 
as shown in Fig, 3e. The first through hole 114, the fifth 
through hole 131, and the second through hole 141 are 

20 communicated with each other, and the first through hole 114 
also communicates with the chamber 113. 

It is understood that the bubble generator 120 is covered 
by the metal layer 140, which can be coated on the passivation 
layer 130 by electrof orming, electroless plating, physical 

25 vapor deposition (PVD) , or chemical vapor deposition (CVD) , and 
the structural layer is silicon oxide. 

As stated above, in the fluid injector as disclosed in this 
embodiment, since the metal layer with a certain thickness is 
disposed outside the passivation layer, the structural 

30 strength of the whole fluid injector can be enhanced. 
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Furthermore, since the metal layer is provided with higher heat 
conductivity, the heat remaining in the bubble generator car. 
be transferred away so that operation can be enhanced. 

Furthermore, since the length of the injection path of the 
5 fluid can be extended by the additional thickness of the metal 
layer, the injecting direction of the fluid can be more 
definite. 

In addition, referring to Fig. 4a, a variant embodiment 
of the fluid injector is shown. In a fluid injector 100a as 

10 shown in Fig. 4a, a metal layer 140a includes a plurality of 
fins 142 on a surface away from the base 110a to assist the metal 
layer 140a in heat dissipation. It is understood that the fins 
142 can be formed on part of the surface of the metal layer 140a. 
Furthermore, referring to Fig. 4b, another variant 

15 embodiment of the fluid injector is shown. In a fluid injector 
100b as shown in Fig. 4b, the shape of a second through hole 
141b is different from that of the second through hole 141 as 
shown in Fig. 2. The diameter of one end, communicating with 
the first through hole 114, of the second hole 141b is 

20 substantially larger than that of the other end of the second 
through hole 141b. 

To obtain the fluid injector 100b as shown in Fig. 4b, a 
positive or negative photoresist 160 is used to obtain the shape 
as shown in Fig. 4c. As shown in Fig. 4c, the width of the top 

25 portion of the photoresist 160 is smaller than its bottom. 
After the processes of electrof orming and photoresist removal, 
the metal layer 140b can be formed as shown in Fig. 4d. Finally, 
by dry-etching, the second through hole 141b is formed like a 
tapered hole as shown in Fig. 4b. 
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Since the second through hole 141b in the fluid injector 
100b is formed like a tapered hole as shown in Fig. 4b, the 
injecting direction of the fluid can be more definite. 
Second embodiment 
5 Fig. 5 is a schematic view of a fluid injector lOOd as 

disclosed in a second embodiment of this invention. The 
difference between the fluid injector lOOd of this embodiment 
and that of the first embodiment is that the bubble generator 
120 comprises only one heater 120d. The other components of 
10 this embodiment are the same as those of the first embodiment; 
therefore, their description is omitted. 

Since the fluid injector of this embodiment is also 
provided with the metal layer, it can obtain the same effect 
as the first embodiment. That is, the structural strength of 
15 the whole fluid injector can be enhanced, and the heat remaining 
in the bubble generator can be quickly transferred away, and 
the injecting direction of the fluid can be more definite. 
Third embodiment 

Referring to Fig. 6, a fluid injector lOOe, as disclosed 
20 in a third embodiment of this invention, is shown. In this 
embodiment, the fluid injector lOOe comprises a silicon 
substrate llle, a structural layer 112e, a first through hole 
114, a bubble generator 120, a passivation layer 130e, a metal 
layer 140, and a second through hole 141. It is noted that the 
25 first through hole 114, The bubble generator 120, and the second 
through hole 141 are the same as those of the first embodiment; 
therefore, their description is omitted, and their reference 
numbers are identical to those of the first embodiment. 

The difference between this embodiment and the first 
30 embodiment are that in this embodiment, a third through hole 
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1121e is formed in the structural layer 112e as shown in Fig. 
7a, and a fourth through hole 132e is formed in the passivation 
layer 13'0e as shown in Fig. 7c. The fourth through hole 132e 
corresponds to the third through hole 1121e, and the metal layer 
140e is directly connected" with the silicon substrate llle via 
the fourth through hole 132e. 

The difference between the method for manufacturing the 
fluid injector lOOe of this embodiment and that of the first 
embodiment are described as follows. 

After the structural layer 112e is formed on the silicon 
substrate Hie, a third through hole 1121e is formed in the 
structural layer 112e as shown in Fig. 7a. Then, a passivation 
layer 130e is formed on the structural layer 112e as shown in 
Fig. 7b, and a fourth through hole I32e is formed in the 
passivation layer 130e as shown in Fig. 7c. Finally, a metal 
layer 140e is formed on the passivation layer 130e as shown in 
Fig- 7d. 

In this embodiment, since the metal layer 140e is directly 
connected with the silicon substrate llle via the fourth 
through hole 132e, the effect of the heat dissipation can be 
enhanced. 

Since the fluid injector of this embodiment is also 
provided with a metal layer, it can obtain the same effect as 
the first embodiment. That is, the structural strength of the 
whole fluid injector can be enhanced, and heat remaining in the 
bubble generator can be quickly transferred away, and the 
injecting direction of the fluid can be more definite. 
Fourth embodiment 

Referring to Fig. 8, a fluid injector lOOf, as disclosed 
in a fourth embodiment of this invention, is shown. In this 
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embodiment, the fluid injector lOOf comprises a silicon 
substrate lllf, a structural layer 112f , a first through hole 
114, a bubble generator 120, a passivation layer 130f , a metal 
layer 140f, second through hole 141, an adhesion layer 150a, 
5 and a dielectric layer 170. It is noted that the first through 
hole 114, the bubble generator 120, and the second through hole 
141 are the same as those of the first embodiment; therefore, 
their description is omitted, and their reference numbers are 
identical to those of the first embodiment. Also, the 
10 structural layer 112f, the passivation layer 130f, and the 
metal layer 140f are the same as those of the third embodiment; 
therefore, their description is omitted 

The difference between this embodiment and the third 
embodiment is that in this embodiment, the fluid injector lOOf 
15 further comprises the adhesion layer 150a and the dielectric 
layer 170. The adhesion layer 150a and the dielectric layer 
170 are disposed between the structural layer 112f and the metal 
layer 140f . The adhesion layer 150a is connected with the metal 
layer 140f via a fourth through hole 132f in the passivation 
20 layer I30f as shown in Fig. 9e, and is connected with the silicon 
substrate lllf via a third through hole 1121f in the structural 
layer 112f as shown in Fig. 9a. Thus, the connection between 
the metal layer 140£ and the silicon substrate lllf can be 
enhanced. 

25 It is understood that the adhesion layer 150a may be Al. 

Also, it is noted that since the adhesion layer 150a is provided 
with electric conductivity, it cannot be in contact with the 
bubble generator 120. However, based on the manufacturing 
process, a wiring layer 150b is formed when the adhesion layer 

30 150a is formed, but a gap must be formed therebetween. 



li 



* Client's ref,:A9l066 

File: 0535-7974USf /Nick/Kevin 

The difference between the method for manufacturing the 
fluid injector lOOf of this embodiment and that of the first 
embodiment follows. 

After the structural layer 112f is formed on the silicon 
5 substrate lllf as shown in Fig. 9a, a third through hole 1121f 
is formed in the structural layer 112f as shown in Fig. 9b. 
Then, a dielectric layer 170 is formed on the structural layer 
112f as shown in Fig. 9c, and an adhesion layer 150a is formed 
on the dielectric layer 170 as shown in Fig. 9d. After a 
10 passivation layer 130f is formed on the adhesion layer 150a, 
a fourth through hole 132f is formed in the passivation layer 
130f as shown in Fig. 9e. Finally, a metal layer 140f is formed 
on the passivation layer 130f as shown in Fig. 9f. 

In this embodiment, the metal layer 140f is stably 
15 connected with the silicon substrate lllf due to the adhesion 
layer 150a. 

Since the fluid injector of this embodiment is also 
provided with the metal layer, it can obtain the same effect 
as rhe first embodiment. That is, the structural strength of 

20 the whole fluid injector can be enhanced, and the heat remaining 
in the bubble generator can be quickly transferred away, and 
the injecting direction of the fluid can be more definite. 

While the invention has been particularly shown and 
described with reference to preferred embodiments, it will be 

25 readily appreciated by those of ordinary skill in the art that 
various changes and modifications may be made without departing 
from the spirit and scope of the invention. It is intended that 
the claims be interpreted to cover the disclosed embodiment, 
those alternatives which have been discussed above, and all 

30 equivalents thereto. 
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